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NOVEL DIPHEYLETH VLENE COMPOUND 
Field of the Invention 

The field of the invention is novel diphenylethylene compounds and their use for the 
treatment of diabetes and related conditions. 

Background of t he Invention 

Extracts of the leaves, flowers, and gum of the tree Pterocarpus marsupium Roxb 
(Legummosae). also known as the Indian Kino Tree, have been used traditionally to 
treat diarrhea, toothaches, fever, and urinary and skin infections. Extracts of the bark 
have been long regarded as useful for treating diabetes. Manickam ef a/. (J. Nat. Prod. 
1997; 60:609-610) reported some hypoglycemic activity of a naturally occurring 
pterostilbene, trans- l-(3,5-dimethoxyphenyl)-2-(4-hydroxyphenyl)-ethylene, isolated 
from the heartwood of Pterocarpus marsupium. However, this pterostilbene is insoluble 
in water and has not been shown to be efficacious in the treatment of diabetes. 
The causes of Type I and Type II diabetes are still unknown, although both genetic and 
environmental factors seem to be involved. Type I diabetes (or insulin-dependent 
diabetes) is an autoimmune disease in which the responsible autoantigen is still 
unknown. Subjects with Type I diabetes need to take insulin parenteral^ to survive. Type 
II diabetes (also referred to as non-insulin dependent diabetes mellitus, NIDDM) is a 
metabolic disorder resulting from the body's inability either to produce enough insulin 
or to properly use the insulin that is produced. Insulin secretion and insulin resistance are 
considered the major metabolic defects, but the precise genetic factors involved 
remain unknown. 

Subjects with diabetes usually have one or more of the following defects: 

• Under-production of insulin by the pancreas 

• Over-secretion of glucose by the liver 

• Defects in glucose transporters 

• Desensitization of insulin receptors 

• Defects in metabolic breakdown of polysaccharides 

In addition to insulin, which is administered parenterally, currently available 
medications used for diabetes include the 4 classes of oral hypoglycemic agents listed 
in the following table. 
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Class 


Marketed Drugs 


Mechanism of 
Action 


Limitations 


Sulfonylureas 


First generation: 2 
Second generation: 3 


Signals beta cells to 
release more 
insulin 


Development of 
resistance 

Hypoglycemia 


Biguanides 


Metformin 


Reduces hepatic 
glucose 
proaucTion 


Improves sensitivity to 
insulin 

Adverse hepatic effects 
Lactic acidosis 

gastrointestinal effects 


Glucosidase inhibitors 


Acarbose 


Reduces glucose 
absorption from 
gut 


Works only after meals 
Glside effects 


Thiazolidinediones 


Troglitazone 
(withdrawn) 

Pioglitazone 


Reduce insulin 
resistance 


Not effective in 25% of 
subjects 

function tests 

Have very long onset 

of action 

Cause weight gain 



10 



ova Ln^Th k T ab ° Ve tQble ' th6re Qre ^vantages to the currently 
available ant.d.abet.c agents. Accordingly, there Is continuing interest in identifying 
and develop.ng new agents-particularly orally administered, water-soluble 
compounds— that can be used to treat diabetes. 

In addition to the pterostilbene discussed above, (-)-epicatechin has also been 
isolated from Pterocarpus marsupium by Sheehan et a/, (j. Nat. Prod. 1983; 46:232) and 

ZTv °T™m 0!? P °f C T IC 6ffeCt {S6e QlSO Chakravarth V et a,. Life Sciences 
1981, 29.2043-2047). Other phenohc compounds have been isolated from Pterocarpus 

T^ZTo^^V 01 ' (J Pr ° d - 1984; 47:179 - 181 >< Jahromi eta/. (J. Nat. Prod, 
i WJ, 56.989-994), and Maurya et a/. (Heterocycles 1 982; 1 9:21 03-21 07) . 
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Summary o f the lnw»n«^ 



ac«lX° f C ° mpOUndS havl "9 ,he »— «- *»»*» (-) and „„ have glucose-lowering 

X 




(I) 

In compounds of Formula I, the bond represented bv th*> h«»««* .• 

optiona, doubie bond, and me W aSZ^^tTS^ £T "* °" 

Si! " " = dCOt * ^ " 5t «* serein R.R'.R" and R? are 

^ dSR"aa;t;;X" : tTOnChed ^ " ^ 9TOUPS ,h °* ™" be -~d 

acceptaJe coun,^ °'f X °' ** °' Na K - ° r ° ,her Ph°™aceutically 
the le! COUnterHOn such as co,cium - magnesium, ammanium. tromethamine. and 

™!tf 3 ' *t Ri ^ and ° re inde P e "dently H; a-C* linear or branched alkyl or alkenvl 
groups optionally substituted. COOR; NR'R" or CONR'R" where R- a^T^T^ 
independently H or O-C* linear or branched alkyl or o^oTc^c^ 7 ? 
acylamino; C,-C» acytoxy; O-C* alkanoyl; cJTZZ^^o^^. 

^i-tTR". there V" dePen ^ n, ' ya ha '° ^ * ^ or "ubst^ed 
or' ft and ,71" " ""^ ° f brahched alk * « * °"d to 

ethylen^dio^ygL" ^ i<>ined f ° form methylenedlaxy or 

In compounds of Formula II, the bond reDresenteri tho h«« •• 

op«ona, doubie bond, and the gec^ ~ SnJ^J^'^ 5"" 

the naphthyl group may be linked at an a or p position. ' d 
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(II) 



Pharmaceutical compositions of compounds of the formula I and/or II are 
provided for treatment of diabetes comprising a therapeutically effective amount of 
tne compound in a pharmaceutically acceptable carrier. 

A method of treating diabetes is also provided comprising a step of orally 
adm.n.stering to a subject suffering from a diabetic condition a therapeutically 
effective amount of a compound of formula I and/or II. 

Brief description gf thg Drawings 

Figure 1 is a graph showing that compound la lowers blood glucose concentrations in 
rats with streptozotocin-induced diabetes. 

Figure 2 is a graph showing that compound la lowers blood glucose concentrations in 
ob/ob mice. 

Figures 3A, B, C, are graphs showing that compound la lowers insulin, triglyceride, and 
free fatty acid concentrations in ob/ob mice. 

Figure 4 is a graph showing that compound la lowers blood glucose concentrations in 
uD/ab mice. 

Figure 5A. B, C, are graphs showing that compound la lowers triglyceride and free fatty 
acid concentrations in db/db mice. 

Figure 6 is a graph showing that compound la orally administered is more effective 
than IP administered in maintaining lowered blood glucose concentrations. 
Figure 7A, B are graphs showing that compound la lowers blood glucose 
concentrations in female obese (fa/fa) Zucker rats without affecting body weight. 
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Srn ® A ' f; °' ? T 9raPhS Sh ° Wln9 thQt com P°^ d la improves the glucose 
tolerance of female obese fa/fa Zucker rats. 

B T f ° PhS Sh ° Wing thQt com P° und la 'owers serum insulin, and increases 
leptin concentrations, in female obese Zucker fa/fa rats. 

Figure 10 is a graph showing that compound la lowers cholesterol, triglyceride, and free 
fatty acid concentrations in female Zucker fa/fa rats. 

in?Z n + A 'K B ' C 'i > °? 9raPhS ShOWin9 thQt com P° und * (20mg/kg daily) lowers the 
TtefaffTZ fQttY ° Cld ' Ch0,eSter0, concentrations ^a.e obese 

™nZ 1^' B 9raPhS ShOWin9 thQt com P° und «a does not lower glucose 
concentrations in normal animals. 

adipocytes & ^ 9r ° PhS $hOWln9 COmpound la stir "ulates glucose uptake in 

Figure 14A, B, C. D are graphs showing that compound la increases GLUT-I and GLUT-4 
transporters in 3T3-L1 cells. 

h?oJ 5A ' l'? Sh °T respective| y- results of a 'ethal effect study on Swiss Webster mice 
by adm.n.strat.on of compound la of dosages of 16.7, 167. and 333 mg/kg/BW on day 



™T 16 i S , a 9raPh Sh ° Wing thQt Wortmannln ( Q known PI-3 kinase inhibitor) blocks 
compound la mediated glucose uptake in adipocytes. 

fi™ + 17 « a >? raPh ShOWinQ com P° und la stimulates the phosphorylation of the insulin 
receptor (3 subunit and insulin receptor substrate 1 in CHO.IR cells. 

S^^EE ,Q dOSS ^ StfmU,ate ^ - 

Kt^^cSS^ C ° mPOUnd ,Q StimU,QteS ^ Ph ^™" ^ Akt 
.a 9 s^ b « 0t « W °~ »** compound 

PPa" in ^StSS? thQt COmP ° Und ,Q d ° eS ^ UP - re9U,ate ^ eXPreSSfon ° f 

^jz^S** of bindjn9 studies that show that compound ,a " -* « 

receptof " ° Sh ° Wln9 C ° mp ° Und ,a inniblts the blndin 9 <* insulin to the insulin 
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T?j: A P <™zr^T ,hat ^ isomere ia ° nd ,b ,e ° nd z) *»**• -p" 

la 9 ^^Xrat hOW,n9 *" °' Ph °™«« *— of compound 

Figure 26 is a chart summmarfeing the results of the toxicology studies conducted with 
compound la under Good Laboratory Practice regulations. conducted w,th 

Description nl Preferred Fr^-H^-pf. 

Compounds of Formulas I and II are provided by synthetic methods generally known in 

Z£ t T! * °'~ 1 988 ' (3). p P s, 7-527 for a nXd fc maZ E 

isomers s,m ar to la and Kessar et al.. Indian J. nf rh»m , 981 . m ^ for E 
isomers similar to lb. •* marang l- 

Preferred are compounds of formula I in which A=-COOR; R,, R 4 R 4 = h and e, „„h p - 
methoxy (OCHs) and R = H and Rs = OH and the dashea ^present a c2C 
K° n . d J n f Her ,hS E ° r ' confl 9 uro «°"- More prefeaed are compclds 

andT- ™ •' V ^ ° nd R2 = ° CHS the *™ m ° n - ° nd * " °Ct£ in the 
5-Posrtion. and R 5 = OH in the 4-position and the dashed line represents a carbon- 
carbon double bond in either the 6 ar z configuration. X = H and R = (ToTa 
ptamaoMa* acceptable cation such as lithium, sodium, potassium, calcbm 

^ZT.rr^r * r0me,ham ™ and *• ■» *** may be introduced oSy 
or parenterally to a subject. wiuuy 

Also preferred are compounds of formula II In which A=-COOR; R,, R 4 R 6 = h and R, 

caLr ca T h T ^ R = H ° nd Rs " ° H and the dash * d «ne represent J 
1 h h 19 b ° nd ln 6ither the E or 2 c °nfi9^atlon. More preferred are 
compounds of formu.a I, in which R, R 4 . R, = h, and R 2 = OCH 3 in the 3-poLn and Ze 

X-H and V e H PreSentS k CQrbon - Carbon doubl * ^nd in either the E or Z configuration" 
X-H and R=H or a pharmaceutically acceptable cation such as lithium sodium 
potass.um calaum. magnesium ammonium, tromethane and the like, which maX 
introduced orally or parenterally to a subject. Y 

In general, compounds of formula I may be prepared by the condensation of A) 
fuh^ n H e r S o bStitUted (Rl ' R2 * R3) benza| dehyde or phenylketone with approp^ ate* 
uos mu S R R 'p^ 6 ^ 0 ° Cld " P hen Vlacetic acid ester; B, App S 
substituted (R, R 2 , R 3 ) benzaldehyde or phenylketone with appropriately substituted (R 4 
Rs *) Phenylacetamide; CJ Appropriately substituted bm£« 
Phenylketone with appropriately substituted (*. r 5 , r 6 , phenylacetoLle 
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In general, compounds of formula II may be prepared by the condensation of- A) 
Appropriately substituted (Ri, R 2 . R 3 ) benzaldehyde or phenylketone with appropriately 
substituted (R 4 , R 5 , R 6 ) naphthylacetic acid or naphthylacetic acid ester B) 
Appropriately substituted (R,, R 2 , R 3 ) benzaldehyde or phenylketone with appropriately 
substituted (R 4 , Rs, R 6 ) naphthylacetamide; C) Appropriately substituted (R, ( R 2 , R 3 ) 
benzaldehyde or phenylketone with appropriately substituted (R 4 R s r*) 
naphthylacetonitrile. 1 ' ' 

In Scheme I, the synthesis of compound la is shown as an exemplary synthesis. An 
exemplary synthesis of conversion of la to its Z-isomer is shown in Scheme II. 
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Scheme I 
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Scheme II 
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■sopenty.. and t he ft* Alken^glp^ M X> cTriSf J" 0 *?"* ^ pent * 
Med to. e.hy.ene. *cp^£^J££^^ Tf ** "* "* 
Phenyl, and other multi-ring aromatic struct^T^* ' ^ 9roups include 

propoxy. feopropoxy. n-butoxy Sbutoxv m» IhT T*" '^'"'^ mMwx >- etn °*V 
Hoto includes bromochtJro X'o^.toaT' me,hylened '°^ ^V^edioxy and the like. 

Acylamino includes the group 



R-C-NH- 



wherein R is hydrogen, alkyl, or aryl. 
1 5 Acyloxy includes the group 



R-C-O- 



wherein R is hydrogen, alkyl or aryl. 
Alkanoyl includes the group 



R-C- 



30 



wherein R can be hydrogen, alkyl or aryl. 
Alkoxycarbonyl includes the group 
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o 

II 

R-O-C- 



wherein R can be alkyl, aryl, or aralkyl. 



The compounds according to the present invention may be combined with 
pharmaceutical^ acceptable carriers and vehicles in various compositions suitable for 
oral or parenteral delivery. The particularly preferred form of composition is either an 
orally administered capsule or solution in which the compound is delivered in water 
saline, or a phosphate buffer; or lyophilized powder in the form of tablets or capsules 
also containing various fillers and binders. The effective dosages of the compound in a 

empWcair $e ' eCted ^ ° f ^ * ^ ^ m ° y b@ determlned 

The compounds of the present invention are useful for the treatment of diseases 
characterized by the presence of elevated blood glucose concentrations, i.e., 
hyperglycem.c disorders such as diabetes mellitus, including both Type I and Type II 
d.abetes as well as other disorders related to hyperglycemia, such as obesity 
increased cholesterol concentrations, and renal disorders. 

"Treatment" means that the compound is administered at least to reduce the blood 
glucose concentration in the subject suffering from the hyperglycemic disorder; the 
compound may also reduce insulin or lipid concentrations or both. The compound is 
admimstered in an amount sufficient to reduce blood glucose concentration to an 
acceptable range, wherein an acceptable range means within about ± 10% of the 
normal average blood glucose concentration for a subject of that species. A variety of 
subjects in addition to humans may be treated with the compounds to reduce blood 
glucose concentrations, such as livestock, valuable or rare animals, and pets The 
compounds may be administered to the subject suffering from the hyperglycemic 
disorder using any administration technique, including intravenous, intradermal 
intramuscular, subcutaneous, or oral. However the oral route of administration is 
parttcularly preferred. The dosage delivered to the subject will depend on the route by 
which the compound is delivered, but generally ranges from 5 to 500 mg for a 70-ka 
human, typically about 50 to 200 mg for a 70-kg human. 

Of Particular interest are methods of treating human hyperglycemic disorders such as 
diabetes (both Type I and Type II) in which the compound is administered to the 
human suffering from the hyperglycemic disorder to at least reduce the blood glucose 
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concentration of the subject to about the normni w™h . 

- compound may also reduce insulin X"^^* ** ° h ° man: 
me^veS ~ * ^ of Nation, and ore not intended to «ml, 



EXAMPLE 1 



S 7 eSb ;' M -' 3S - d '-^-PHenyO- 2 -(4.h y *ox y -p„e„ y0 .«^ eacId 

« .^'vTrrr ^ oce«c 

After being stirred at 130-140-C Tfor 24 h ^ " mL of (TEA), 

ond quenched with 25^^ ^!" C °° led te r ° 0m ,em P^e 
extract was further extracted ^Tn NaO T CH!Ck - The «»-* 
CfteCfe. and the aqueous layer was ocmSh 1 ° H eXtrOC * was washed 

water to obtain the cnT£ P^oducT CrTde ^"'T^ HCI °" d wosh « d with 
ethanoi/water to yield the acid la PrOCIUC, WOS """Vstalfeed from 



Ml Sdmples^l^™^^ £ ab °- crated in 40 
eluted with «Sv eluent A '° L f aences) column. 250 x 4.6 mm. and 

0. 1 % formic acid in ACN aT^-I™ h EIUen ' A " 0 ' ' * f0rmic acia in ^ 8 is 
Presence a, the Z,somer was elated to be from^SS'in 5£ 

Synth.*, of «-(3^-d. m e«,ox y .ph.„ yl) . 2 . { 4. hydroxy . ph . ny() . ae ^ (c ^ 

W who^rat^n^n^Tr " f"* - * ^ et * 
Phenyl cinnamic acids by ^rolonaed heaZ T T 66 C ° nVerted to **' z - 
9. 4.0mmoi) was dissoledTa i^^"""" 1 ^ E "° cid '° "-2 
(0.5 ml) and heated to reflux ^4^1,™ , " ethyla 4 m,ne ' 5 0m| ) °cetic anhydride 

ethyl acetate. ande^a^a^X^™^ laa" ^ * ,ed 
NoOH and water. The combined hnTl (aqueous) then with 2 N 

with acetic acid and coaled and *e ^T^T"*™ ° cidi,ied to ° P" °' * 
acidified with concenfratec I Ha P~c SEE" The was 

collected by filtration and washej I S~h Z TT* UPO " C °° lin9 - The w « 
to yield lb. Wth freSh wa,er ' 7,16 solld compound was air dried 

Both isomers were subjected to NMRoto Hwr ^„„ 

v pko, mplc, and UV spectral analysis. 
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The free ood form hc s a melting point of J35-137°C and a pKa ol 1 3 

As reported by Gadre and Marathe. Synth Common 1 9» 18101 Tfrnt th.^ ^ 
with the higher ohemioal shift of the olefinic proton I meUomi l*! ~ mP ° U " d 
sh«s seen writ, the prepared compounds are'in agreement Xha" ^ 

benzaldehvlT'^ °' *" ^ reOCfi ° n pr ° ducf of P" 6 "* acetic and 

KU Exp^ in or, Chem ,3rd edj. ^.M* ££££££ Z^ZT™ 
Accord,ngty. between the two isomer, the one having the higher pKa Stomer. 

HPLC AND UV Spectral Analysis 

-org^"^^^^ 
, in ersi, ODS.3co.omn ,250 x 4.6mm. 5 um,. Jn^T^T^XTZ" 
and Z- vomers were eloted at 17.4and 1 7.9 min. respectively. n rnis system, the E- 

™ wi Eac 1 isomer has a "V spectrum. The Amax values for the E- isomer 

are 227 nm and 284 nm. and those for the Z- isomer ore 221 nm and 3^3 nm 

Synthesis of E-4-|2-(3,$.dlmethoxy-phenyl).vl„vll.phenol 

To decarboxylate la. 3 g of Cu powder and 30 mL of quinoline were added to 
1 g of a under N2 and refluxed with stirring for 4 h (still under M Thereactton r^,£ 
was filtered, acidified with concentrated HCI. and extracted Tv^h ch r? £ 
layer was washed with aqueous saturated HaC^Z ^t^™^ 9 ™ 
deoarboxytated product was purified by flash chromatography ZZTa £ 

Synfhes* of M-(3.S.d.me.hoxy.ph.„ y „. 2 . ( 4-hydrox y . P h.„v.).ac^c odd .odium «* 



Atty Dkt No. 08948-012001 
50037031 



salt of la. e was shaken an d freeze-dned to give the sodium 

> 

EXAMPLE 2 

acetic anhydride (12m^and *S^f mm °'l ""<*er argon atmosphere was added 
- 4CC tor , the Son^^ was s*red a, 

was added. To this yetlow suspension concentated Ha M r^ "I'?"* "°° mL ' 
suspension stirred for 20mln The soiw T J 120 ml ' was added and the 

sodium hydroxide (2M SLI) and IT ? d . WOS dissolved in aqueous 

reaystallted from a wafer-ethanol mixture ' he We * solid was 

'H NMR (DMSO-dj): 512.38 tbr. 1HI 9 47 Ihr 1M 7*, , ,.„ 

Synm^, of 3-C3..-D W h oxy.p h . ny0 . 2 . (4 . nuofo . p . ph . ny0aery)(c ^ 

ace«c ac^a 3 ° mm °" «' ^^heny, 

(SmL) and triethylamine (S.OmL 36mm 0 T^Z ° dded ° Ce,ic anh V dria « 

reaction mixture was cooled to room t!t T 6 WaS S,ired °* 1 ^ f °f >». The 
added. The ether soLflonta ^TT? **** emef (,00mL ' w <* 
HQ m,. Tne acuea^ waTSsc^d and^eT °1 T* 1 
aqueous sodium hydroxide solution (2^ 3^1^ J ° r9an ' C layer was exfrac *«d with 
tagether and acidiffed with concenl^eSin^u"^ Were pooled 

Synthesis of 2-(4-Acetylam.no-phenyl).3-f 3 5 dim^* 
T pnenyi; 3-(3,5.dlmethoxy-phenyl)-acryllc acid 
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The chloroform srZon^s fu*« coSeX^^ "I Chl ° r0,0rm (S ° mL) was ° dded - 
HCI I.OmL). The a q ueou7 ta veTwa dtea^H h ,°k acldifed ^ concentrated 
5 aqueous sodium """^ e>draCted w,h 

acidified with concentrated HCI to oH ,' ^ mL, „ At ' ueous were pooled and 

'H NMR (DMSO-d6): 8 12.70 (br, 1H), 10.04 fs l H ) 7 63 /, im 7 ^ ^ , , 

Syn»,.s h o. 3.,3.4.D lm . lh o xy .p h . nW) . 2K4 . hydfoxy . phenyl)prop|on|c 

-anoT^^^^^ 

gn a bed of Celite® d.atomaceous earth and the solvent evaporated. 

2H), and 2.80 (dd. j=13.3 and 8.6Hz, 2H) ($ ' 6H) ' 3U (dd ' J=13 ' 3 ™* 8.6Hz. 

Example 3 

compound la (10 20 ^ ofTrn^Z T hate " buf,e ' ed «*»• (PBS) (vehicle) or 
with ,a ata dose ^Z^^l^,^ Tre ° ,m °"' 
these rats (compareaMo VhL of veh^f f Uo0d 9 ' UCOSe concentrations of 
The reduction was sCicc^™ *° m D ° y 2 fhr ° U9h <• 

80 mg/kg. Results are shown in RG K ' ^ * ^ 6 ° f "» "> H 

Example 4 

Obese (ob/ob) mice spontaneously develop diabetes with o...^ 

-.ng b etween 200 and 303 mg,d L . in ^C^r^SSSSf: 
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than those of <h« " ^l^r c° nc ~> ns °' the animals given ,a were lower 



Example 5 



-—onsa^^ 



Example 6 



Z%Z%: '^r ^r a ~r r r amined ,n *** 

300 mg/dL were treated^* vlw , ? ° d 9 ' UCO$e eventrations of 280- 



Example 7 



concenCaliL^^^^"; — - <«* acid (FFA) 

figure 4 (the analyses w£e dont aT£! h , T * Bm * he ^"menf shown in 
concentrations in m e ^ated °' ,he «*«*"••'•»• Although the insulin 

triglyceride (B) and FFA V) canfent^ ^ 9r ° UPS did nof W. *• 



Example 8 



adnrtntstered ,a .appeared. „ ^T^J^^JZ^Z 
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Example 9 



rats were g^icH ■ ?££S5X2X?2£' IT'** fa/fa 
concentrations of the rats given awe^L?i f °I 58days - ' A ) blood glucose 



Example 10 



results of these teT^ TJtZ % 2m ^g,n woter) were administered. The 
statistically significant M^^12F*7 t^e0,men, ™° 

30 and «, m ,Les afte^ucose X^Co* SEE tnVT i " - 
glucose tolerance had disappeared. Results shol in fTgs SaZ " °" 



Example 1 1 



Example 12 



^ fa,,y ° Cid - ° nd Chotesterol -re afco 
also Figut^ and . the ZZZ ^ " ,2 ° m9/ ' 9) dail * fo ' * days (see 

from those of the rats g ™ lZ 2 Si ^.T^ ** "* ^ « 
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Example 13 

When the test described in connection with Figures 7-10 was conducted using male 

2£L T« r0tS treat6d ^ Vehide ° r ' a (20m ^) doily fofJTays the 

glucose concentrates, glucose tolerance, and leptin concentrations of the la-freated 
animals did not differ from those of the vehicle-treated animals. However the n7u«n 
tng ycende, free fatty acid, and cholesterol concentrations found in the Seated rate 
at the end of the experiment were all lower than those found in the vehicleTea ed 
animals. Results shown in FIG. 1 1 A-D. venicie-treated 



Example 14 



Compound la does not lower blood glucose concentrations in normal animals This was 

28^ n t ^ rQtS ° nd d ° 9S - DQi,y ° ral administratioTonaTr 

28 days did not cause any hypoglycemic activity of this compound, even at very hiah 
doses (up to 1 000 mg/kg). Results shown in FIG. 1 2A, B. 9 

Example 15 

Glucose uptake was measured in normal adipocytes freshly prepared from the 

Scat? ^ 1- Spra9Ue - Dawl ^ W g) in the presence of ^ at the 

.nd.cated concentrates (A), and in differentiated 3T3-L1 adipocytes (B, Insulin was 
used as a positive contra, in both experiments. In both case! Ma Vtimulc e^oS 
uptake in a manner similar to insulin. Results shown in FIGS 1 3A, B. 

Example 16 

Lnd t^T^^ '? ^ ment affeC ' ed eXpreS5ion of 9 |uco5e *™sporte* GLUT-! 
and GLUT-4. differentiated 373^1 adipocytes were treated with la. insulin or vehicle 

o obed fh^om^ SUbieC,8d *° "- 20 * 9radient e'ecfroblotted and 

probed w!th ant,-GLUT-l or anti-GLUT-4 monoclonal antibodies As this fldure show, 

cZoT* ,A, „ and GLUT - 4 ,B1 were up ~ 9U,o,ed in 3T ^- 

cells to la. Results shown in FIGS. 1 4A-D. 

Example 17 

Differentiated 3T3-L1 adipocytes were senjm starved for 3 hours and then treated with 

ST 9 T d ' Um al ° ne) 0,100,0 of 10 pM for 30 m^efat 3^ 

f™ ere r 6d P^P^uffered saHne (PBS), fixed with methane at -2u£ 
or 20 mmutes. nnsed with PBS three times, and incubated with PBS containing W% caff 
serum for 30min at 37-C. The slides were incubated with anti-GLurToolvdonn 
an«body „:» dilution, in ,« caif serum for 2 hours a, 37-c PoCt^inTSoa 
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♦he slides were rinsed with PBS three times and then incubated with secondarv 
antrbody coupled with Alexa-Fluor (EW 495 nm; Em™ 5.9 nm) far 30 2 F?nally the 
«es were nnsed with PBS and mounted with prolonged anflfade mounZ med a The 
S2£ g r era ^ USin9 ° Nlk ° n COnfOCal PCM 2000 ^cape linked mage 

appeaTed Tthe 9h .*T" *" C ~ ^ *"—"=• sZng 

appeared ,n the cell membrane, indicating that treatment with la promoted 
translocate of GLUT-4 glucose transporter to the cell surface. Pooled 

Example 18 

Nine healthy male Swiss Webster mice were divided into three study groups of three 
m^w^ ^ ' FIG - ,5A) reCeiVed fhe c °-"P~nd of la a" a dose o M?7 
,h» 1 9 h V 1 SeC ° nd ShJdY 9rOUp (FIG - ,5B > received ° *>» of 1*7 mg/kg/BW and 
IdT^ " 9rOUP 'T- ,SC) reCeiVed a dOSe of 333 m °^ BW « £ i» of the 
Jurino h! Th T S ^ °" reSU ' ar ,0 ° d ° nd WQter dUri "9 ,he entire ^dy period 
ohv«l f m ' Ce WSre Under close Nervation and their behavior gross 

physrology and mortality/survival were monitored. FIGS. ISA. I SB and ISC show tha 
the survival rate in these mice in the couree of the study period was 1 00%. 

Example 1? 

Wortmannin is a known inhibitor of phosphatidylinositol 34dnase (PI3-kinase) an 
enzyme required for the insulin-signaling pathway. In this experiment, me Sy cS 
ad^vT ° inh ' bit ' a - sHmutated *«~ "P"*e was measured. Fresn? ptpare^ 
orten?! T e ,ncub ° ,ed «» vaI Vi"9 concentrations of either insulin or la. h tne 
presence or absence of 4 mm wortmannin. The ability of adipocytes to take up gluco» 

a^LTrl" m °^ red L 0 * 9 "^^cose tracer. A, shown here, leatm^t of 
°d Pocyfes w,th wortmannin strongly inhibits insulin or la-dependent glucose uptake 
Thrs result suggests that la influences the PI 3-kinase pathway. Results shov^lO u 

Example 20 

Chinese hamster ovary cells that overexpress the human insulin receptor (CHO IR cells) 
were grown ,n F.2 Ham's medium with ,0% fetal bovine serum (FBS) at 37^ inl* c£ 

ar a 7™ 2s rU ors0 3 lT, ,Or ^ h ° 0rS ; ,he " inCUb0,9d WHh Vehicle - *** 

I f 1 '„ MM) f0r 30 m,nu,es a * 37 ° c - the cells were washed wtth cold 
Phosphate-buffered saline (PBS), and 13^ of total cell lysates were sepoTed £ 

ohoIh^T ' SDS-PAGE), blotted onto a nitrocellulose membrane and 
phosphorylatron was detected with monoclonal antibody ta phosphorate 
(Transductron Laboratories, clone PY20). Western blots were deve^^on 
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flnll deteCti ° n SYStem * and the resu,ts wer * quantified by 

connmg then expressed as arbitrary units. The results indicate that la phosphorylates 
the .nsul.n receptor and insulin-receptar substrate 1 in a dose-dependent manner (as 
does insulin). Results shown in FIG. 1 7. manner ( as 

Example 21 

rTceSor^CHotrF 0 ^ nf ° Verexpress the human ^ike growth factor 1 
fro ' ° 1 ^ 9rOWn in F12 HQm ' S medium ^ 10 % ™ at 37°C in 

?, ™ 7 . Were serum " starved for 6 hours, and then incubated with vehicle IGF l 
(100 nM,. tolbutamide (50 m . or la (12.5, 25. or 50 pMJ for 30 minutes rt^SJ^l 
cells were washed with cold phosphate-buffered saline (PBS), and 21 ng of total ceH 
lysates were separated by electrophoresis (4-20% SDS-PAGE, and blotted onto a 
2 U £ Se mem brane; Phosphorylation was detected with monoclonal antibody to 
phosphotyrosme (Transduction Laboratories, clone PY20). The results show that la does 

in CHoSf m ell p T?" 9 -°r fQCt0r 1 retePt ° r ° r lnSU ' ln -ceptor substrate 1 
in cmo.igf-1 R cells. Results shown in FIG. 18. 



Example 22 

Chinese hamster ovary cells that overexpress the human insulin receptor (CHO IR) were 
20 grown ,n Fl 2 Ham's medium with 1 0% fetal bovine serum (FBS) at 37°C in 5% CO, cZtts 

Kn^M? StQrV f d f ° r 6 hOUfS ° nd incubated with Chicle, insulin (10 nM), tolbutamide 
(50 mm), or one of 3 different doses of la (1 2.5, 25. or 50 nM, for 30 min at 37-C. TheTme 
cell were washed with cold phosphate-buffered saline (PBS), and 25 ng of total ceH 

25 ^J &re h^T^ bV e,ectr °P horesis SDS-PAGE), blotted onto a 

25 membrane and detected with the antibody (A) anti Phospho-Akt (Ser 473) (New 
England Bio.abs). Western blots were developed using an enhanced 
chem^minescence detection system, and the results were quantified by scanning 
and then expressed as arbitrary units. The results indicate that there was a dose^ 
30 RGM9 ' nCreaSe phosphor y |atlon of Akt ^ the presence of la. Results shown in 
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Example 23 

Chinese hamster ovary (CHO) cells that had been serum-starved for 6 h were 

ZfT^^Tt^ T M) ' t0 ' bUtamide (5 °^' ^-e of three doses oHa 
mn'J ^ or X minutes at 37*C. Two groups had been preincubated with 

10C nM Wortmann.n (Lanes 7 and 8), and had the insulin (10 nM, and la (50 ^M, added 
at this time. Then cells were washed with cold phosphate-buffered salineV^ and 
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20 mo of total cell lysates were separated by electrophoresis (4-20% SDS-PAGE) and 

pi t ,° membrane: Akt-phosphorylation was detected with an antibody [anti 

2 (Ser 4731 NeW En9 ' and Bi0,ab] ' The resu,ts show that Wortmannin inhibited 

the Akt-phosphorylation stimulated by insulin and by la. Results shown in FIG. 20. 

Example 24 

All thiazolidinedione compounds are known to stimulate glucose uptake via a 
mechanism that involves binding to and increasing the expression of a nuclear 
mo !d T T tra ] SCrjption factor known °s Peroxisome proliferator activated receptor-^ 
(PPAR-y). To determine whether la up-regulates glucose uptake by a mechanism that 
invokes PPAR^, 3T3-L1 adipocytes were incubated with vehicle, la (SpM) or 
frog tazone (5>tM). for 48 hours. PPAR-^ expression was assessed by immunoblotting 
Western blots were developed using an enhanced chemiluminescence detection 
system and the results were quantified by scanning and then expressed as arbitrary 
units. The results in the figure show that troglitazone induced an increase in PPAR^y 
white la did not induce an increase in PPAR-y over the basal level of this transcription 
factor. Results shown in FIG. 21. 
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Example 25 

Differentiation of fibroblasts to adipocytes involves the expression of PPAR-y All 
members of the thiazolidinedione class of antidiabetic compounds stimulate PPAR-y 
expression and promote the differentiation of fibroblasts to adipocytes. Similarly, insulin 
also stimulates the differentiation of fibroblasts to adipocytes. To examine the effect of 
la on this differentiation process, 3T3-L1 fibroblasts were incubated with la (1 pM), insulin 
(0.1 7 mM) or a combination of both. Following incubation, the cells were lysed, and the 
quantity of expressed PPAR-y was analyzed by ECL blot analysis using anti-PPAR-y 
antibody. Treatment of fibroblasts with la did not enhance the differentiation process 
n a positive control, insulin treatment of fibroblasts stimulated the differentiation of 
mese cells to adipocytes in association with increased levels of PPAR-y 
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Example 26 

FIG. 22 shows the results of three tests conducted to determine whether or not la is an 
agonist of nuclear PPAR receptors. The ability of la to bind human recombinant PPAR-a 
PPAR-y. or PPAR-6 was shown using a radioligand-binding assay that measures the 
displacement of an established radiolabeled ligand. In this assay, the IC. values for all 

c^aLe^nTpl? ePt T Were + greater than 50 MM- Ligand induced conformational 
changes in PPAR are known to promote the binding of coactivator molecules The 
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c c 

cofactor association was measured by the time^esolved fluorescence fHTRFl a^ov 
hat uses energy transfer between two adjacent molecules to ^ TbllZ 
1™ 6 °r° Cia,i0n °' PPARS cofac '°' P-'eins. laTd nol ,n "ce any 

experiment. COS cells with chimeric SceptoTwJe "reatd 9 '^^- h T 

the e PPA^ ° bSe,Ved - A " °' ,h6Se reSUlb COnfirm tha * '° * "* - aoSSS 



Example 27 



occurred with pre-incubation with la. Results shown in FIG. 23 b,t '° n 

Example 28 

SSS^STEET 0 °' ' a '° me lnSU " n reCep, ° r was demonstrated by using a 

similar to the binding curves obtained with insulin. 

Example 29 

S^T^TsdTSEE n ° mal ° diPOCV,eS freSh * ""P— •» 
£m Pre. 2TS r e IS^J^S^V*^ - 
deoxy glucose was added, and the preparations were incubated"™ a^Ttlonafo 
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* 

min. FIG. 24A shows the extent of glucose uptake stimulated by the two isomers was 
similar. FIG. 24B shows the stimulatory effect of the Z form (lb) was additive to that of 
insulin, and the effect was blocked by Wortmannin (ISminute preincubation), as was 
shown earlier for the E form of (la) (see Figure 16). 

5 

Example 30 

A highly sensitive method for detecting la in Sprague-Dawley (SD) rat serum was 
developed in which la can be detected at a level of 10-25 ng. The kinetics of drug 
absorption and clearance from the circulation were studied in a rat model. SD rats 
10 were given oral doses of la (20 mg/kg). At different time intervals, blood was collected 
and serum was analyzed for IA. As shown in the figure, la was absorbed maximally at 
1 hour following oral delivery of the drug and is cleared from the circulation by 
24 hours. Results shown in FIGS. 25A, B. 

15 Example 31 

Various toxicology studies have been conducted, and their status and results are 
summarized in FIG. 26. Doses as high as 1000 mg/kg have been administered, and no 
serious toxicity issues have been uncovered. 

20 What is claimed: 
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